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Abstract
Background: Schools are the most frequent target for intervention programs aimed at preventing
child obesity; however, the overall effectiveness of these programs has been limited. It has
therefore been recommended that interventions target multiple ecological levels (community,
family, school and individual) to have greater success in changing risk behaviors for obesity. This
study examined the immediate and short-term, sustained effects of the Switch program, which
targeted three behaviors (decreasing children's screen time, increasing fruit and vegetable
consumption, and increasing physical activity) at three ecological levels (the family, school, and
community).
Methods: Participants were 1,323 children and their parents from 10 schools in two states.
Schools were matched and randomly assigned to treatment and control. Measures of the key
behaviors and body mass index were collected at baseline, immediately post-intervention, and 6
months post-intervention.
Results: The effect sizes of the differences between treatment and control groups ranged between
small (Cohen's d = 0.15 for body mass index at 6 months post-intervention) to large (1.38; parent
report of screen time at 6 months post-intervention), controlling for baseline levels. There was a
significant difference in parent-reported screen time at post-intervention in the experimental
group, and this effect was maintained at 6 months post-intervention (a difference of about 2 hours/
week). The experimental group also showed a significant increase in parent-reported fruit and
vegetable consumption while child-reported fruit and vegetable consumption was marginally
significant. At the 6-month follow-up, parent-reported screen time was significantly lower, and
parent and child-reported fruit and vegetable consumption was significantly increased. There were
no significant effects on pedometer measures of physical activity or body mass index in the
experimental group. The intervention effects were moderated by child sex (for fruit and vegetable
consumption, physical activity, and weight status), family involvement (for fruit and vegetable
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consumption), and child body mass index (for screen time). The perception of change among the
experimental group was generally positive with 23% to 62% indicating positive changes in behaviors.
Conclusion: The results indicate that the Switch program yielded small-to-modest treatment
effects for promoting children's fruit and vegetable consumption and minimizing screen time. The
Switch program offers promise for use in youth obesity prevention.
Background
Pediatric obesity continues to be a serious public health
issue with trends indicating that the prevalence of child-
hood obesity will reach 24% in the USA by 2015 [1].
Reversing the pediatric obesity epidemic has been estab-
lished as a critical priority [2]. Schools are the most fre-
quent target for prevention and intervention programs
because they reach the largest segments of the youth pop-
ulation and provide an available infrastructure and sup-
port [3-6]. Many school-based interventions aimed at
modifying physical activity (PA) and diet have been con-
ducted but the overall effectiveness of these programs has
been limited [7,8]. One limitation is that many have not
included families or communities.
Family components are critical for youth obesity preven-
tion programs because parents directly and indirectly
influence children's PA and nutrition behaviors at home
and also dictate the physical and social environments that
are available to their children [9]. Several studies have
confirmed the importance of parenting behaviors and
home environments in influencing children's nutrition
and PA behaviors [10-12]. Despite the clear importance of
families, family-based interventions (even those imple-
mented through schools) have not been shown to be
effective [13,14]. A possible reason for this is that these
studies were conducted under isolated conditions and
have not been well integrated into the schools and com-
munities where families live, work and play. Several stud-
ies have demonstrated that home, school, and
community environments interact over time to influence
children's health and development [15,16], so it may
prove more effective to integrate school and family inter-
ventions into broad community-based initiatives.
Social ecological models that target multiple levels of
influence have been recommended to address the obesity
epidemic [2,17]. Although a number of social ecological
models exist to facilitate planning of multilevel interven-
tions [18-21], there are few, if any, examples of studies
that have implemented a multilevel intervention aimed at
changing behavioral risk factors for obesity. This paper
presents the main outcomes of Switch™, a family-, school-
, and community-based intervention aimed at changing
key behaviors (PA, television viewing/screen time, and
nutrition) related to childhood obesity. Third through
fifth graders were targeted to potentially avert or reduce
the documented declines in fruit and vegetable consump-
tion (FV) [22], PA [23], and increases in screen time (ST)
[24,25] that occur during the late elementary and middle
school years. Multiple behaviors were targeted in order to
produce larger overall changes in energy balance. The
American Dietetics Association (ADA) recently completed
a comprehensive evidence analysis of behavioral factors
that have been shown to be associated with childhood
overweight [26]. Adequate evidence (Grade II) was found
for five key behaviors (promoting PA, discouraging TV
watching, decreasing dietary fat, decreasing sweetened
beverages, and increasing FV). Consistent with these find-
ings, the primary objectives of Switch were to: (1) increase
the amount of PA; (2) reduce the amount of ST (television
and video game time); and (3) increase FV consumption
among children from the third grade to fifth grade.
Methods
Theoretical model
An established social ecological framework was used to
guide the development of the Switch intervention [18,27].
Details of the application of the Switch model are
described in detail in a separate publication [28]. The
Switch program targets families as the primary leverage
point. Parents influence eating behaviors by altering the
types of food available in the home or restaurants, and the
ways that food is prepared and consumed (for example,
not in front of the TV) [9]. Parents also influence chil-
dren's PA behavior (directly and indirectly) through
efforts to encourage, facilitate, or promote activity and by
preventing excessive amounts of inactivity [10-12]. Sec-
ondary leverage points included school-based reinforce-
ment and incentives as well as community support. By
providing integrated programming at three different levels
(community, school, and family), it was theorized that
this would have a greater impact than an intervention
focused at only one level.
Participants
All 10 elementary schools in Lakeville, MN and Cedar
Rapids, IA, USA, participated in the study. These two
school districts were approached due to the requirements
of funding agencies. Schools were matched within district
by enrollment and percent free/reduced-cost lunch and
then randomly assigned to the experimental (three in
Cedar Rapids and two in Lakeville) or control (three in
Cedar Rapids and two in Lakeville) condition. Prior toBMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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participation, parents provided active written consent,
and children provided assent.
A sample of 1,323 third (N = 430), fourth (N = 446), and
fifth (N = 423) grade children returned consent forms
(65% of total enrollment). Participation rates were similar
between the experimental and control schools (673 out of
1019 children in experimental schools, 650 out of 1072 in
control schools). Forty-seven percent were male (618
male, 704 female, 1 unknown) and most (90%) were
White, which is representative of their communities. Fig-
ure 1 displays the flow of participants and recruitment
details are described elsewhere [28].
Data were collected prior to implementation (baseline),
immediately following the intervention (post-interven-
tion), and 6 months post-intervention. Out of 1,323 con-
sented families, 1,288 children (97%) provided data. Of
those, 1,196 (93%) provided data at baseline, 1,156
(90%) at post-intervention, and 1,110 (86%) children at
6 months post-intervention. Data were provided by 1,076
children (84%) at both baseline and post-intervention,
1,029 (80%) at both baseline and 6-months post-inter-
vention, and 992 (77%) at all three time points. A total of
1,150 (87%) parents provided data. Of those, 980 (74%)
provided data at baseline, 916 (69%) at post-intervention,
and 811 (61%) at 6 months post-intervention. Data were
Flow of participants through each stage of the program Figure 1
Flow of participants through each stage of the program.
2114 of children eligible to participate in study 
954 Cedar Rapids (CR) 
1160 Lakeville (LV) 
1323 children choose to participate 
560 Cedar Rapids 
763 Lakeville 
791 excluded (did not return consent) 
394 Cedar Rapids 
397 Lakeville 
Schools matched within district and then 
randomized to condition 
5 schools randomly assigned to 
experimental group  
288 Cedar Rapids  
382 Lakeville  
Dropouts - Includes parents and children  
Time 1:   CR-6 moved away, 4 opt out 
            LV-1 moved away, 14 opt out, 3 other 
Time 2:   CR- 4 moved away, 18 opt out 
  LV- 37 opt out, 1 other 
Time 3:  CR-2 moved away, 22-opt out  
  LV- 29 opt out 
5 schools randomly assigned to control 
group 
272 Cedar Rapids 
381 Lakeville  
Dropouts - Includes parents and children 
Time 1:  CR - 6 moved away, 1 opt out 
  LV - 2 opt out, 4 other 
Time 2:  CR - 9 moved away, 4 opt out, 1other 
  LV - 3 moved away, 4 opt out  
Time 3:  CR - 3 moved away, 11 opt out 
  LV- 18 opt out BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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provided by 778 parents (59% of the total possible sam-
ple) at both baseline and post-intervention, 694 (52%) at
baseline and 6 months post-intervention, and 631 (48%)
at all three time points. Although the percentages varied
between waves of data collection, over 80% of parent sur-
veys were completed by mothers, between 7% and 11%
were completed by fathers, and the rest were completed by
both parents together.
The study was approved by the University of Minnesota
Institutional Review Board in accordance with the Decla-
ration of Helsinki and the 'Ethical Principles of Psycholo-
gists and Code of Conduct' [29]. It is registered as a
clinical trial with ClinicalTrials.gov (NCT00685555).
Overview of the Switch Intervention
The Switch program promoted healthy active lifestyles by
encouraging students to 'Switch what you Do, Chew, and
View'. The specific DO, VIEW, and CHEW goals were to be
active for 60 minutes or more per day, to limit total ST to
2 hours or fewer per day, and to eat five fruits/vegetables
or more per day. The intervention utilized overlapping
behavioral and environmental strategies employed at
multiple ecological levels, and is described in detail else-
where [28].
The community component was designed to promote
awareness of the importance of healthy lifestyles and the
prevention of childhood obesity in the targeted commu-
nities, and included paid advertising (for example, bill-
boards) and unpaid media emphasizing the key messages.
Note that both experimental and control participants may
have been exposed to the community component. The
school component was designed to reinforce the Switch
messages and facilitate the family component of the inter-
vention. Teachers were provided with materials and ways
to integrate key concepts into their existing curricula.
Teachers were not required to participate, since the study
was not designed as a school-based (curricular) interven-
tion. Control schools did not receive any school materials.
The family component was designed to provide parents
(and children) with materials and resources to facilitate
the adoption of the healthy target behaviors. Monthly
packets containing behavioral tools were provided to
assist parents and children in modifying their behaviors.
Control families were recruited similarly to experimental
families, but received no materials other than the surveys
(families were not told if they were in the experimental or
control conditions).
Data were collected from multiple informants. Baseline
assessments (October 2005) included children wearing
pedometers for 1 week, completing surveys in classrooms,
and having anthropometric measurements taken by
school nurses. Parents and teachers also completed sur-
veys. The same measures were conducted immediately
post-intervention (May 2006). To measure the mainte-
nance of effects, data were collected approximately 6
months after the end of the intervention (November
2006).
Measures
Physical activity
Habitual PA was assessed by a pedometer (Digiwalker
200-SW). Accuracy was assessed by having participants
walk 10 steps and pedometers that were off by more than
1 step were replaced. Children were instructed to wear the
pedometer for 7 consecutive days and to record the time
they put the monitor on and off as well as the number of
steps accumulated each day. At least 4 days' of data (3
weekdays and 1 day at the weekend) with at least 10
hours/day were required to be considered compliant
(63% of children were compliant at baseline, with com-
pliance dropping to 38% at later measurements). The clas-
sification of meeting physical activity goals was
determined using two published recommendations. The
Vincent and Pangrazi [30] recommendation is a norm-ref-
erenced criterion (recommending a minimum of 13,000
and 11,000 steps/day for boys and girls, respectively), and
the Tudor-Locke is a criterion-referenced cut-point [31]
(15,000 and 12,000 steps/day for boys and girls, respec-
tively).
Anthropometry
Standing height and weight were measured by trained
school nurses using standardized procedures [32]. Body
mass index (BMI) was calculated as mass, kg/height, m2.
Age- and sex-specific reference values were used to catego-
rize weight status (normal weight, 5th to 84th percentile;
overweight, 85th to 94th percentile; obese, 95th percen-
tile or higher) of the participants [33].
Screen time
Time spent viewing TV and playing video games was
assessed (independently) by both parents and children,
using methods that have been used reliably with parents
[34] and children [35,36]. Time spent on TV and video
games was summed to create weekly ST (hours/week).
Fruit and vegetable consumption
Parents and children reported on children's FV consump-
tion with items adapted from the National Youth Risk
Behavior Survey [37]. The items evaluated the child's fre-
quency of drinking 100% juice, sugared drinks, eating
fruit, green salad, carrots, and other vegetables. Parents
reported consumption over the previous 7 days and chil-
dren reported for the previous day.
Perceptions of change at post-intervention
At the conclusion of the program, children and parents in
the experimental group were surveyed about noticeable
effects of the program on ST, FV, and PA. For each behav-BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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ior measured, participants reported on a five-point ver-
bally anchored scale the degree to which they perceived
their family changed behaviors (ranging from 'a lot more'
to 'a lot less').
Parents and children also reported how much they had
participated in the various aspects of the program at post-
intervention (11 items for parents, 9 items for children,
for example, 'How much did your family use the Switch
activity jar?'). Reports of parents and children were found
to be significantly correlated (r  = 0.47); we therefore
standardized scores on each measure and a family
involvement score was calculated by averaging parent and
child ratings. This composite measure of family involve-
ment allowed for testing whether involvement modified
the effect of the intervention, as it could be hypothesized
that the effect of the program would be greatest for fami-
lies who were most involved. High and low involvement
groups were created by a median split.
Data analyses
Descriptive statistics were calculated for anthropometric,
ST, FV, and PA variables at baseline grouped by experi-
mental and control school and sex. There were no group
differences on the primary outcome measures at baseline
except for child reporting of FV, with children in the
experimental group reporting higher FV (P  = 0.04; see
Table 1). These findings confirm that the matching and
random assignment of schools to the treatment and con-
trol conditions were generally successful in equating the
two groups.
The primary tests examining differences between baseline
and post-intervention and baseline and 6 months post-
intervention were conducted using hierarchical multilevel
regression analyses to take into account the nested nature
of the data (families are nested within schools). An analy-
sis of variance was conducted to test for differences
between the schools on the outcome measures at baseline.
Table 1: Descriptive characteristics of the sample on the outcome measures at baseline.
Total 
sample
Experimental schools Control schools
Variable N
Total = 
1,323a
Total
N = 685
Males
N = 301
Females
N = 383
Total
N = 674
Males
N = 337
Females
N = 336
Age (years) 1,283 9.6 (0.9) 9.6 (0.9) 9.7 (0.9) 9.6 (0.9) 9.6 (0.9) 9.6 (0.9) 9.6 (0.9)
% Female 1,323 53.0% 56.0% --- --- 49.6% --- ---
Anthropometric data
Height (cm) 1,286 138.2 (7.9) 138.5 (7.9) 138.8 (7.7) 138.2 (8.1) 138.0 (7.9) 138.6 (7.7) 137.4 (8.0)
Weight (kg) 1,281 35.6 (9.3) 35.6 (9.2) 35.4 (8.8) 35.8 (9.5) 35.6 (9.5) 36.2 (9.3) 34.9 (9.6)
Body mass 
index (kg/m2)
1,279 18.4 (3.4) 18.4(3.3) 18.2 (3.2) 18.5 (3.4) 18.5 (3.5) 18.6 (3.4) 18.3 (3.6)
% Overweight 1,279 19.1 18.8 21.5 16.1 19.5 16.4 21.9
% Obese 1,279 8.0 7.7 7.4 8.1 8.4 6.6 9.7
Screen time (hours/week)
Child report 1,161 29.6 (23.5) 28.6 (22.5) 34.0 (24.6) 24.0 (19.4) 30.6 (24.4) 36.1 (27.4) 25.1 (19.5)
Parent report 980 22.1 (12.8) 20.7 (12.7) 22.0 (12.5) 19.7 (12.8) 23.3 (12.8) 26.1 (14.1) 20.6 (10.9)
Fruit and vegetable consumption
Child report 
(servings/day)
1,101 4.5 (3.1) 4.9 (3.2) 4.5 (3.1) 5.3 (3.3) 4.1 (2.9) 4.1 (3.2) 4.0 (2.5)
Parent report 
(servings/
week)
961 24.1 (13.5) 25.4 (14.1) 24.9 (14.0) 25.7 (14.2) 23.0 (12.8) 22.8 (12.9) 23.2 (12.7)
Physical activity
Pedometer 
(steps/day)
826 11,665 
(3,096)
11,735 
(3,197)
13,058 
(3,555)
10,861 
(2,544)
11,594 
(2,993)
12,412 
(3,210)
10,832 
(2,557)
aSample sizes vary due to missing data.BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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School had a significant effect for all six outcome varia-
bles, explaining from 1% to 11% of the variance in each.
Because schools explained a significant amount of vari-
ance hierarchical analyses were required and, therefore,
subsequent analyses of differences between the treatment
and control groups employ variance due to school as the
error term in the analyses. This adjustment reduces the
degrees of freedom (df) from over 1,300 to 9, but is nec-
essary due to the variability by school and the fact that
participants were randomized at the school level. Baseline
values were used as covariates to control for any differ-
ences between participants on these variables prior to the
intervention. This also controls for the observed differ-
ence between groups for the child reporting of FV. Further
analyses were conducted to provide a more comprehen-
sive evaluation of the intervention. One set of analyses
examined whether or not the child's sex moderated the
effectiveness of the intervention. These analyses examined
whether the intervention had a greater impact for boys or
girls. Another set of analyses examined whether family
involvement in the programming moderated treatment
effects. These analyses specifically examined whether
effects were stronger for participants that were highly
involved in the program. A final set of analyses tested for
moderation of treatment effects by weight status. These
analyses specifically examined whether the effects were
stronger for overweight or obese youth compared with
normal weight youth. As we had directional hypotheses,
all reported tests are one-tailed. Effect sizes (ES) were also
calculated using Cohen's d as a measure of effect size that
reflects the magnitude of the difference between groups in
standard deviation (SD) units. Cohen's d is computed by
subtracting the average score for the control group (MC)
from the average score for the treatment group (MT), and
then dividing the difference by the SD on the outcome
measure for the sample. We used the standard criteria for
ES of small (d  = 0.20), medium (d = 0.50), and large
effects (d = 0.80) [38]. We employed these criteria along
with the results of the statistical tests in evaluating the
impact of the Switch program. Data analysis was con-
ducted using SAS and SPSS.
Results
Characteristics of the sample at baseline are shown in
Table 1. The average BMI was 18.4 kg/m2 (SD = 3.4, range
12.4 to 35.4 kg/m2). Overall, 19% of children were classi-
fied as overweight and 8% were obese. There were signifi-
cant differences between boys and girls on child-reported
and parent-reported weekly ST (t  (1,144) = 6.35, P  <
0.001, and t (976) = 5.69, P < 0.001, respectively). This
was due primarily to video game play. By child report,
boys and girls were not significantly different on the
number of fruits and/or vegetables they had eaten the pre-
vious day. Based on national guidelines (five servings of
fruits and vegetables per day) approximately 44% of the
children met the recommended guidelines. By parent
report, girls ate almost two more servings of fruits and veg-
etables per week compared with boys (M = 21.7 and 23.4
for boys and girls, respectively; t (957) = 2.22, P < 0.05).
Only 17% of children met the recommended guidelines
of at least five servings a day. As expected, boys tended to
have greater step counts than girls (t (823) = 9.01, P <
0.001). Depending on the recommendation used,
between 28% and 43% of children achieved the recom-
mended level of PA. Boys and girls were not significantly
different on meeting the Vincent and Pangrazi recommen-
dation (41% and 45%, respectively), but were signifi-
cantly different on meeting the stricter Tudor-Locke
recommendation (23% and 31%, respectively; χ2 = 7.7, df
= 1, P < 0.01).
Treatment effects on key variables
Tables 2 and 3 display immediate post-intervention and
6-months post-intervention effects, respectively. Analyses
compare experimental and control schools, controlling
for baseline scores on each outcome measure. The effect
sizes ranged from small (Cohen's d = 0.15 for BMI at 6
months post-intervention) to large (1.38; parent report of
ST 6 months post-intervention). There was a significant
difference in parent-reported ST at post-intervention, and
this effect was maintained at 6 months post-intervention
(a difference of about 2 hours/week). Child-reported ST
was also lower in treatment groups at 6 months post-
intervention, but the effect was not significant (although
it did achieve a moderate effect size). There were signifi-
cant increases in parent-reported FV consumption at post-
intervention and 6 months post-intervention. The
increase for child-reported consumption was marginally
significant at post-intervention and was significant at 6
months post-intervention. PA, as measured by pedome-
ter, at post-intervention and 6 months post-intervention
was not statistically significant, although the students in
the treatment schools accumulated an average of about
350 more steps per day (Cohen's d = 1.83, large effect).
Despite a lack of statistical significance, these differences
are in the expected direction. At both post-intervention
and 6 months post-intervention, the mean BMI values
were not significantly different between the treatment and
control groups.
Moderating variables
Sex
We examined whether the treatment effects were modified
by child sex. These analyses examined the effect of treat-
ment program, sex, and the program by sex interaction on
the outcome measures, controlling for baseline values.
Although boys had higher total ST than girls (due to more
video game play), the interactions between sex and treat-
ment were non-significant. In contrast, the sex by treat-
ment interaction on child-reported FV was significant atBMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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post-intervention (t (961) = 2.84, P < 0.01) and 6 months
post-intervention (t (907) = 1.99, P < 0.05). At both times,
the interaction was due to girls in the treatment group
reporting greater FV consumption (post-intervention M =
5.0, 6 months post-intervention M = 4.5) than girls in the
control group (post-intervention M = 4.2, 6 months post-
intervention M = 3.6). For PA, boys had higher step counts
than girls at both post-intervention and 6 months post-
intervention, but the interaction with treatment was sig-
nificant at post-intervention, t (717) = 2.48, P < 0.05, with
the program having a significant effect on girls (treatment
M = 12,105 steps/week, control M = 11,180). For BMI,
there was a significant sex by treatment interaction at 6
months post-intervention, t (1083) = 2.19, P < 0.05, with
boys in the treatment group having a lower BMI (M = 19.1
kg/m2) than boys in the control program (M = 19.4 kg/
m2).
Level of family involvement
We examined whether the treatment effects were modified
by level of involvement, hypothesizing that the effects of
the Switch program would be largest for families who
were most highly involved. Significant interactions were
found with child-reported FV consumption at post-inter-
vention (t (460) = 4.61, P < 0.001) and at 6 months post-
intervention (t (423) = 2.37, P < 0.05), and for parent-
reported FV at post-intervention (t (340) = 3.05, P < 0.01),
controlling for baseline values. Greater consumption of
FV was reported by children who were highly involved
(defined by median split) in the treatment program (post-
intervention M = 5.3, 6 months post-intervention M =
4.7) than for children who were less involved in the treat-
ment program (post-intervention M = 4.1, 6 months post-
intervention M = 4.1).
Weight status
We examined whether the treatment effects were modified
by child weight, hypothesizing that children who were
classified as obese might benefit more from the program.
Obese children reported higher ST at post-intervention (M
= 35.5, controlling for baseline ST) than overweight (M =
30.9) or normal weight (M = 29.6) participants, t (1005)
= 2.54, P < 0.05. This relation was moderated by a statisti-
cally significant interaction, t (1003) = -2.47, P < 0.05,
with obese children showing the largest difference in ST
between the treatment (M = 30.2) and control (M = 40.8)
groups. Thus, the positive effect on child-reported ST was
greatest for obese children.
Table 2: Differences between experimental and control schools at immediate post-intervention
Variable Experimental schools
(mean standard error)
Control schools
(mean standard error)
t (8) Cohen's d
Screen time
Child report (hours/week) 32.5
(0.6)
31.2
(1.0)
.26 .69
Parent report (hours/week) 22.8
(0.7)
24.6
(0.3)
-2.15a 1.26
Fruit and vegetable consumption
Child report (servings/day) 4.4
(0.2)
4.2
(0.1)
1.78b .52
Parent report (servings/week) 24.9
(0.7)
22.6
(0.4)
2.69a 1.36
Physical activity
Pedometer (steps/day) 12,250
(260)
11,870
(232)
.91 1.83
Body mass index
Body mass index (kg/m2)1 9 . 0
(0.02)
19.0
(0.03)
.05 .38
Analyses compare experimental and control school with hierarchical multilevel regressions, controlling for baseline levels.
aDifferences between experimental and control schools significant at P < 0.05, one-tailed; bdifferences marginally significant at P < 0.06, one-tailed.BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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Treatment effects - participant perceptions
Table 4 documents perceived changes due to participation
in the Switch program. One-third of children reported
that they were watching less TV and/or videos and 23%
felt that they were spending less time playing video games
since starting the Switch program. Parents' perceptions
were more positive with 44% reporting that their children
watched less TV and/or videos and 31% reporting that
their children played fewer video games. Almost half of
children and parents reported that children ate more fruits
(49% and 44%, respectively) and vegetables (39% for
both children and parents) since beginning the program.
About two-thirds (62%) of children and 34% of parents
reported that children were more active since beginning
the program.
Discussion and Conclusion
The goal of the present research was to determine whether
a multilevel intervention conducted in two states could
modify key behaviors related to overweight or obesity.
The novel aspect of the study was the community-, school-
, and family-based approach to modify nutritional and
activity behaviors. In general, baseline data indicated that
these children were similar to national averages for this
age group. The intervention yielded encouraging results
despite the relatively short-term length of the interven-
tion, the relatively small number of schools, and the nat-
uralistic design. The experimental group showed
significant differences from the control group on both ST
and FV consumption at both the immediate post-inter-
vention assessment and at the 6-month follow-up assess-
ment, controlling for baseline values. The results for
selected variables were moderated by child sex, family
involvement, and child BMI. The intervention was
designed to influence three behaviors that together can
have an impact on BMI over the long term and was not
expected to have a short-term direct effect on BMI. It is
likely that longer-term studies would be needed to docu-
ment changes in BMI resulting from changes in nutri-
tional and activity behaviors.
The effect sizes reported here range from small to large
and are similar in magnitude to other published interven-
tion studies [39-41]. Although modest, these results are
not trivial. Obesity is a multifactorial health condition,
and the target behaviors of the Switch program are only
three out of many risk factors [39,42]. If even small
changes can be enacted and maintained, the changes may
have large effects in the long term [43-45]. It is also
encouraging that parents and children perceived that sub-
Table 3: Differences between experimental and control schools at 6-months post-intervention
Variable Experimental schools
(mean standard error)
Control schools
(mean standard error)
t (8) Cohen's d
Screen time
Child report (hours/week) 27.8
(0.8)
29.1
(0.9)
-1.33 .67
Parent report (hours/week) 23.7
(0.5)
25.7
(0.5)
-2.06a 1.38
Fruit and vegetable consumption
Child report (servings/day) 4.1
(0.2)
4.0
(0.1)
2.32a .26
Parent report (servings/week) 22.5
(0.7)
21.3
(0.3)
1.93a 1.01
Physical activity
Pedometer (steps/day) 11,442
(425)
11,231
(321)
.60 .26
Body mass index
Body mass index (kg/m2)1 9 . 4
(0.1)
19.5
(0.1)
-1.13 .15
Analyses compare experimental and control schools with hierarchical multilevel regressions, controlling for baseline levels.
aDifferences between experimental and control schools significant at P < 0.05.BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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stantial changes had been made during the intervention,
and that several positive changes appear to have been
maintained 6 months after the program was ended.
There are several strengths of the Switch intervention,
including targeting multiple ecological levels and multi-
ple behaviors. A number of school-based intervention
studies have been conducted to promote healthy eating
and PA [40,41,46,47], but few have also targeted reduc-
tions in ST [48,49]. Although often thought of as synony-
mous constructs, it has been demonstrated that PA and ST
have independent effects on risk for overweight [50,51],
so both should be included in interventions. Most school-
based studies have focused only on curricular or policy
changes in physical education and school food service
[52-54]. Comprehensive obesity prevention necessitates
cooperation from families but this has often been
neglected. In their review, Flynn et al. [40] highlighted the
need for studies that include home and community set-
tings, and the present study found significant changes
using measures that focused on behavior in both home
and school settings. Another strength of this study was the
participatory approach, allowing teachers and parents to
adapt the program to their needs. Most previous school-
based interventions have utilized tight controls to ensure
uniform implementation, but these require frequent staff
training and ongoing support [52,55]. That approach is
costly and limits sustainability. Our approach was to
standardize recommendations to communities, teachers
and parents but to allow flexibility in how the materials
were used. This approach provides sufficient standardiza-
tion for statistical analyses while maintaining the external
validity of the study. Other studies have demonstrated
that this participatory approach has advantages for long-
term sustainability [56,57]. A final strength was the
employment of multiple informants. Although the effects
on FV consumption and ST were in the same direction for
both child and parent respondents, the effects of the inter-
vention appeared stronger based on parental report. It is
unclear why this was found. It is possible that parents are
more accurate reporters of children's habits. Another pos-
sibility is that parents are more susceptible to demand
characteristics. This does not seem particularly likely,
since we would expect this bias in both the experimental
and control groups. Furthermore, parents were not uni-
formly more positive than children: parents were more
positive about ST, similar about FV consumption, and less
positive about PA (Table 4). Although we cannot deter-
mine why the effects appear somewhat different based on
the informant, the fact that the effects were in the same
direction demonstrates a certain degree of robustness. Fur-
thermore, by obtaining data from multiple informants we
Table 4: Perceptions of changes since participating in Switch (experimental participants only)
Since starting the Switch program A lot more A little more About the same A little less A lot less
Screen time
Do you watch more or fewer TV/Videos? 7% 8% 51% 34% 0%
Do you play more or fewer video games? 9% 13% 55% 23% 0%
Does your child watch more or fewer TV/Videos? 0% 1% 55% 40% 4%
Does your child play more or fewer video games? 0% 2% 67% 23% 8%
Fruit and vegetable consumption
Do you eat more or fewer fruits? 22% 27% 47% 4% 0%
Do you eat more or fewer vegetables? 16% 23% 56% 5% 0%
Does your child eat more or fewer fruits? 5% 39% 56% 0% 0%
Does your child eat more or fewer vegetables? 3% 35% 61% 1% 0%
Physical activity
Are you more or less active? 29% 33% 35% 3% 0%
Is your child more or less active? 4% 30% 66% 0% 0%BMC Medicine 2009, 7:49 http://www.biomedcentral.com/1741-7015/7/49
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were able to minimize the impact of potential measure-
ment problems.
A key challenge in the Switch project was to document
and track the extent to which children, parents, and teach-
ers utilized the specific strategies that were provided.
Other studies have also reported challenges in getting
families to maintain participation in school and/or com-
munity projects. Most large-scale, prevention-based inter-
ventions targeting families have generally been ineffective
because of this limitation [13,14]. In contrast, obesity
treatment programs involving families have been shown
to be highly effective, if not essential [58]. In fact, an evi-
dence analysis supported by the ADA on youth obesity
interventions [26], rated the strength of evidence support-
ing family involvement with the strongest possible grade
(Grade I). It is not clear why family involvement matters
but it is likely that parents assume greater responsibility
and are more willing to be involved in a clinically based
weight loss program than a project aimed at prevention. A
major challenge for prevention intervention programs is
to determine how to increase the proportion of partici-
pants who fully engage in the intervention activities
[59,60]. Our results demonstrate that participants who
were more involved in the program saw larger improve-
ments in ST and FV than participants that were not as
involved. This suggests that the effectiveness of program-
ming would be greatly enhanced if it was possible to get
more families to engage fully in the intervention activities.
Community messages were distributed by newspapers,
radio advertisements, and billboards, but it is difficult to
document the impact that these social-change messages
independently had on the outcomes as experimental fam-
ilies were receiving parallel messages from several ecolog-
ical sources (that is, direct, school, and community).
Furthermore, these community-based messages were
available to both experimental and control families and,
therefore, may have minimized differences between the
groups.
Although over 1,300 families participated in the study, a
major limitation of this study was the sample size. Statis-
tical analysis of treatment effects was at the school level
due to families being nested within schools and randomi-
zation at the school level, resulting in low power to detect
differences. Future studies should randomize at the class-
room or family level to have greater degrees of freedom
(although this could lead to greater problems with cross-
contamination between experimental and control
groups). Another limitation is the potential for social
desirability to influence the results. It seems unlikely,
however, that only the experimental group would be sub-
ject to such desirability biases. To reduce the potential
effects of bias and method variance, we used multiple
informants. An additional limitation was reliance on ped-
ometers to measure PA. Although it seems preferable to
have an objective measure, compliance with the require-
ments was lower than anticipated. Furthermore, the ped-
ometer captures the total amount of PA and does not
provide information on the intensity of PA. It is unknown
if the amount of time spent in moderate-to-vigorous PA
was altered by the intervention. IHere, it is possible that
the total number of steps/day was unchanged yet the time
spent in moderate-to-vigorous PA increased. Future stud-
ies should use PA monitoring tools that capture both the
volume and intensity of PA.
In conclusion, the results indicate that the Switch program
produced modest treatment effects for children's FV and
ST. It is noteworthy that the effects remained significant in
the 6-month follow-up evaluation as this indicates main-
tenance of these differences over time. Although levels of
BMI were not statistically different between groups, the
maintenance of behaviors over time may contribute to
reduced risks for overweight in the future. The Switch pro-
gram which targets multiple behaviors through multiple
channels offers promise for use in youth obesity preven-
tion.
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